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NEUTRALIZING HIGH AND LOW KNEE MOMENTS THROUGH
SURGICAL REALIGNMENT
K.M. Leitch, T.B. Birmingham, C.E. Dunning, J.R. Gifﬁn. Univ. of Western
Ontario, London, ON, Canada
Purpose: To elucidate the effects of frontal plane lower limb alignment
on gait biomechanics, we compared knee joint moments and frontal
plane angular impulse before and after varus or valgus producing
osteotomy in patients with lateral or medial compartment osteoar-
thritis, and in healthy participants with neutral alignment.
Methods: Thirty-nine subjects participated (13 valgus gonarthrosis, 13
varus gonarthrosis, 13 controls). Patients underwent 3D gait analysis
and radiographic assessment of alignment (mechanical axis angle;
MAA) before and 6 months after surgery, and were compared to
controls. Moments in each of the three orthogonal planes of movement
were determined throughout stance phase and averaged over ﬁve trials
of the same limb (operative limb, or limb closest to neutral for controls)
while normalizing to body weight and height (%BW$Ht). Kneemoments
in all three planes were normalized to 100% of stance and peak values in
the ﬁrst and second halves of stance were identiﬁed. The frontal plane
knee moment waveform was then integrated with respect to time to
calculate the frontal plane knee angular impulse (%BW$Ht$s).
Results: An ensemble average for the frontal plane kneemoment before
and after surgery with 95% conﬁdence interval (CI) bars is illustrated in
Figure 1. Mean changes (95%CI) in frontal plane angular impulse indi-
cated a 0.82%BW$Ht$s (0.49,1.14) increase in adduction impulse in
patients after varus osteotomy, and a 0.61%BW$Ht$s (0.37,0.86) decrease
in adduction impulse in patients after valgus osteotomy, equating to
a 53% and 45% change from preoperative values, respectively. Preoper-
ative frontal plane angular impulse was signiﬁcantly different between
bothpatient groupsand controlsbefore surgery, butnotafter. Therewere
less substantial ﬁndings in sagittal and transverse plane moment peaks.
When compared to controls, the peak knee extension moment was
signiﬁcantly lower for both patient groups after surgery (p¼0.008). The
association between the changes in lower limb alignment and frontal
plane knee angular impulse are plotted in Figure 2 (R¼0.88, n¼26).
Conclusions: The cross-sectional data suggest that frontal plane
angular impulse is very highly correlated to MAA before surgery
(R¼0.87), but not after (R¼0.39), and that an adduction impulse
predominates until 7o of valgus, at which point an abduction impulse
predominates. The prospective surgical realignment data indicate that
for every 1o change in MAA toward varus, there is a 0.1%BW$Ht$s (or
1.6N$m$s) change in frontal plane knee angular impulse toward
adduction, and vice versa (Figure 2). These overall ﬁndings illustrate the
potent effects that lower limb alignment can have on gait biomechanics.
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$$grap ic_AC2006D2-0EC3-4301-889F-EBA8CB318D37$$Figure 1. The shaded area represents the 95% conﬁdence band for the healthy control
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HIP DISABILITY AND OSTEOARTHRITIS OUTCOME SCORES (HOOS)
ARE DIRECTLY RELATED TO GAIT VARIABLES IN SUBJECTS WITH
HIP PAIN
S. Chabra y,z, K.C. Foucher y. yRush Univ. Med. Ctr., Chicago, IL, USA; zUniv.
of Illinois at Chicago, Chicago, IL, USA
Purpose: In hip osteoarthritis (OA), the relationships among clinical
symptoms, radiographic disease severity, and joint loading are not yet
fully understood. As part of an ongoing study, the purpose of this
analysis was to investigate the relationship between a self-reported
patient-oriented outcome measure, the hip disability and osteoarthritis
outcome score (HOOS) and hip biomechanics objectively measured
using gait analysis in subjects with painful hips.
Methods:With a goal of identifying subjects with likely early-stage hip
OA and a comparator group of subjects with non-OA hip pain, we are
enrolling subjects over age 45 with occasional hip pain deﬁned as at
least one day per month. Exclusion criteria include known non-OA
diagnoses, pain in other lower extremity joints, or pain linked to
a distinct injury. The HOOS was administered prior to gait analysis. Gait
analysis was performed using standard published methods with a 12-
camera system (Qualysis) and 2 multi-axis force plates (Bertec) to
collect 5 runs per side at slow, normal, and fast self-selected speeds. For
this analysis we averaged data of the affected side collected at subjects’
self-selected normal speeds. We used Pearson correlations to identify
signiﬁcant relationships between each HOOS subscale and the
following gait variables: speed, dynamic sagittal plane hip range of
motion, and 3D peak external moments. A p-value of < 0.05 was
considered to be statistically signiﬁcant.
Results: To date, we have acquired HOOS (Table I) and gait data from 13
subjects (age 60.2  8.4 years; 3 male/10 female; BMI 27.3  5.4).
Statistically signiﬁcant correlations were seen between gait variables
and HOOS subscales (Table II). Notably, the peak hip abduction moment
was signiﬁcantly correlated with all HOOS subscales. In general, higher
range of motion or peak moments were associated with higher HOOS
scores. Also of note was that preferred walking speed was signiﬁcantly
correlated with the activity of daily living subscale.
Conclusions: Objectively measured gait variables were signiﬁcantly
correlated with HOOS subscores in these subjects. Gait variables
explained up to 47% of the variability in HOOS scores. Our ﬁndings
suggest that perceived hip impairment is directly related to gait
Figure 2. Scatter plot with mean regression line and 95% conﬁdence interval.ĂTable I
Mean  SD HOOS subscores for N ¼ 13 subjects (score of 100
indicates no disability)
Score (min, max)
Pain 63.4  18.7 (17.5, 82.5)
Symptom 63.1  15.9 (20, 90)
Activity of daily living 71.7  22.6 (32, 100)
Sport and recreation 67.3  29.8 (25, 100)
Hip-related quality of life 55.3  18.4 (25, 75)
Table II
Pearson correlations of HOOS subscores and gait variables; stars indicate signiﬁcance.
Pain Symptom Activity of daily living Sport and recreation Hip-related quality of life
Abduction moment R ¼ 0.552, p ¼ 0.050* R ¼ 0.430, p ¼ 0.142 R ¼ 0.686, p ¼ 0.010* R ¼ 0.689, p ¼ 0.009* R ¼ 0.593, p ¼ 0.033*
Adduction moment R ¼ 0.096, p ¼ 0.755 R ¼ 0.244, p ¼ 0.420 R ¼ 0.229, p ¼ 0.451 R ¼ 0.148, p ¼ 0.629 R ¼ 0.330, p ¼ 0.270
Flexion moment R ¼ 0.464, p ¼ 0.110 R ¼ 0.242, p ¼ 0.425 R ¼ 0.505, p ¼ 0.078 R ¼ 0.376, p ¼ 0.205 R ¼ 0.605, p ¼ 0.028*
Extension moment R ¼ 0.315, p ¼ 0.294 R ¼ 0.232, p ¼ 0.446 R ¼ 0.377, p ¼ 0.204 R ¼ 0.483, p ¼ 0.094 R ¼ 0.352, p ¼ 0.238
Internal rotation moment R ¼ 0.111, p ¼ 0.717 R ¼ 0.054, p ¼ 0.859 R ¼ 0.160, p ¼ 0.601 R ¼ 0.299, p ¼ 0.321 R ¼ 0.199, p ¼ 0.514
External rotation moment R ¼ 0.532, p ¼ 0.061 R ¼ 0.399, p ¼ 0.176 R ¼ 0.663, p ¼ 0.014* R ¼ 0.457, p ¼ 0.116 R ¼ 0.624, p ¼ 0.023*
Speed R ¼ 0.436, p ¼ 0.136 R ¼ 0.347, p ¼ 0.244 R ¼ 0.640, p ¼ 0.018* R ¼ 0.404, p ¼ 0.171 R ¼ 0.452, p ¼ 0.120
Hip range of motion R ¼ -0.171, p ¼ 0.576 R ¼ -0.209, p ¼ 0.491 R ¼ -0.164, p ¼ 0.591 R ¼ -0.431, p ¼ 0.141 R ¼ -0.080, p ¼ 0.793
Sagittal plane gait kinematics of the knee under three BWU conditions
Measures BWU Conditions
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revealed potentially compensatory, or pain reducing alterations. The
lower abduction moment with lower HOOS scores suggests either
a lower force magnitude at, or a gait strategy to minimize the moment
arm of the ground reaction force at heel strike. Subjects with low HOOS
scores may compensate for perceived impairment with a softer heel
strike or a heel strike location that minimizes the moment arm of the
ground reaction force when the ﬁrst abduction moment peak occurs.
These results are consistent with previous ﬁndings that the hip pain is
associated with hip joint unloading in subjects with mild radiographic
hip OA. In these subjects, who either have or are at risk for hip OA, gait
variables best correlated with functional and hip related quality of life
measures, rather than pain. Enrollment is ongoing and radiographs will
be reviewed; future work will evaluate whether differences are present
between subjects with and without corresponding radiographic OA.
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A NON-INVASIVE FOOT-WORN BIOMECHANICAL DEVICE AND
TREATMENT FOR PATIENTS WITH HIP OSTEOARTHRITIS
M. Drexler y, G. Segal z, A. Lahad x, A. Haim y, U. Rath y, A. Mor z,
D.R. Morgensteren k, M. Salai y, A. Elbaz z. y Sourasky Med. Ctr., Tel-Aviv,
Israel; zApos Med. and Sports Technologies, Herzliya, Israel; xHebrew
Univ. and Clalit Hlth.Services, Jerusalem, Israel; kHadassah Med. Ctr.,
Jerusalem, Israel
Purpose: Physical therapy and biomechanical interventions for patients
with hip osteoarthritis (OA) should aim to reduce pain, improve func-
tion and restore or maintain gait patterns close to normal. The purpose
of this study was to evaluate the effect of a biomechanical therapy on
the pain, function, quality of life and spatio-temporal gait patterns of
patients with hip OA.
Methods: 60 patients with hip OA were examined before and after
twelve weeks of using the biomechanical device and treatment
(AposTherapy). Patients were evaluated using the WOMAC question-
naire for pain, function and stiffness and the SF-36 Health Survey for
quality of life. Patients also underwent a computerized gait test.
Results: After twelve weeks of treatment, a signiﬁcant improvement
was found in patients’ velocity, step length and cadence
(P0.001).WOMAC-pain, WOMAC-stiffness and WOMAC-function
subscales were signiﬁcantly improved compared to baseline (P0.001).
SF-36 physical score subscale improved signiﬁcantly (P¼0.007),
whereas the SF-36 mental subscale improved but did not reach the
statistical signiﬁcance threshold.
Conclusions: Patients with bilateral hip OA treated with the examined
therapy for twelve weeks showed statistically and clinically signiﬁcant
improvements inpain, function and gait patterns. Theseﬁndings suggest
that this treatment may be an additional useful tool for conservatively
treating patientswith hip OA. Further RCTstudies are needed to evaluate
the effect of the examined therapy on hip OA population.0% 15% 30%
Sagittal Plane Kinematics
Max Extension (o) 19.48  1.35 17.06  1.52 12.63 1.7
MaxFlexion(o) -13.7  2.03 -18.12  2.71 -7.92  3.73
Range of motion (o) 33.19  1.05 36.42  2.56 27.21  2.95
Linear relation between conditions
0%-15% 0%-30% 15%-30%
r (cc) 0.99** 0.95** 0.98**
RMSE(o) 2.94 6.12 4.19
** p<0.001;
r (cc)¼correlation coefﬁcient;
RMSE¼root mean square error176
KNEE KINEMATIC AND KINETIC MODIFICATIONS UNDER BODY
WEIGHT UNLOADING DURING OVERGROUND WALKING AT
A CONSTANT SPEED
A.G. Fischer, E.M. Debbi, A. Wolf. Biorobotics and Biomechanics Lab,
Faculty of Mechanical Engineering, Technion Israel Inst. of Technology,
Haifa, Israel
Introduction: Gait training with a Body Weight Unloading (BWU)
system is a common method used for rehabilitation of clinical patients.BWU decreases joint loading that limits the function and motion of the
lower extremity, thus enabling patients to propel themselves forward
more easily and efﬁciently.
Nevertheless, it is still unknown exactly how BWU affects gait kinetics,
kinematics and muscle activation patterns. Previous studies have
shown that gait with BWU is more natural during overground walking,
as opposed to treadmill walking. Examining the true effects of BWU on
overground walking, however, is confounded by different patient-
speciﬁc changes inwalking speed, since different walking speeds distort
joint trajectories.
The lack of research on BWU in overground walking at a constant speed
is due to the difﬁculties in designing a device capable of maintaining
a constant speed without a treadmill. The purpose of the present study
was to examine the effects on gait of different levels of BWU in over-
ground walking at a constant speed using a novel experimental design.
Methods: The Biodex BWU system (Fig. 1) was used, which consists of
an overhead harness vertically supporting the subject with a pelvic belt
around the hips and a groin piece. This system provides a dynamic
suspension during gait, and can be set to unload the subject at different
levels of BWU. An electric winch was installed in the lab wall and was
connected to the Biodex system as shown in Fig 1. The winch pulls the
system and subject at a constant speed of 4 km/h.
Eight healthy male subjects were recruited to the study. An eight-
camera infrared Vicon motion tracking system (Oxford Metrics Ltd.,
Oxford, UK) was used to measure the biomechanics of the knee in the
sagittal and frontal planes. Trials were conducted at 0%, 15% and 30%
BWU conditions.
Results: Flexion and extension of the knee was found to be signiﬁcantly
similar across all three unloading conditions (Fig. 2). Correlations were
signiﬁcantly high (r range 0.95-0.99; p<0.001) and RMSEs were low for
all comparisons (Table I).
Signiﬁcant differences were found across conditions in the kinetic and
impulse parameters in the sagittal and frontal planes (Fig. 3, 4).
Increasing levels of BWU resulted in a signiﬁcant decrease in peak
moments and impulses (p<0.01) (Table II). Post-hoc tests showed
signiﬁcant changes in all the parameters when comparing 0-30% BWU
and 15-30% BWU (p<0.05).
Conclusions: The signiﬁcant decrease in joint kinetics and impulses at
terminal stance with increased BWU suggests that BWU is an efﬁcient
method of reducing loads on the lower limb. In particular, a signiﬁcant
reduction in the ﬁrst peak of the knee adduction moment (KAM) (Fig. 4)
can have wide implications in rehabilitation due the effects on pain
